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Abstract: The MYB gene family, widely distributed across a variety of plants, plays a crucial role in the
phenylpropane metabolic pathway. In this study, we identified 146 R2R3-MYB genes in the ‘NanGuo’
pear genome by screening its gene sequences. Phylogenetic analysis divided these genes into seven
subfamilies, and we examined each for stability through analyses of conserved structural domains
and motifs. In addition, differences in the expression levels between two varieties, the ‘NanGuo’
pear and its red bud sport variant ‘NanHong’ pear, were investigated using quantitative real-time
PCR (qRT-PCR). The results revealed that the expression levels of 12 R2R3-MYB transcription factors
(TFs) corresponded with the trends in anthocyanin content. Specifically, the expression trends of
eight R2ZR3-MYB TFs positively correlated with anthocyanin accumulation, whereas four exhibited
opposite trends, suggesting their negatively regulatory role in anthocyanin accumulation. This study
not only enhances our understanding of the MYB gene family in the ‘NanGuo’ pear genome but also
lays a solid foundation for future research into the functional roles of PuMYBs.
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1. Introduction

MYB transcription factors (TFs), one of the largest TF families in plants [1], possess
a highly conserved N-terminal MYB structural domain [2,3]. This domain comprises
1-4 tandem and incomplete repeat sequences (R) [4], each containing 50-55 conserved
amino acid residues [5]. Based on the number of R structures in the MYB gene, MYB TFs are
categorized into four types [6]: IR-MYB (R1/2, R3-MYB), 2R-MYB (R2R3-MYB), 3R-MYB
(R1IR2R3-MYB), and 4R-MYB (R1R2R2R1/2-MYB). 1R-MYB (R1/2, R3-MYB) is mainly
involved in plant morphogenesis [7,8]. 2R-MYB (R2R3-MYB) is the most common and
widely distributed, containing two R structures, and it is involved in various life processes,
including cell differentiation, hormone signaling, growth and development regulation,
and responses to biotic and abiotic stresses [9,10]. 3R-MYB (R1R2R3-MYB) is present in
most eukaryotic genomes [11,12]. 4R-MYB (R1R2R2R1/2-MYB) is the least common [13].
Limited studies have explored the functions of the R4-MYB proteins in plants [14,15].

An increasing number of studies have indicated that genes from the MYB family play
crucial roles in both plant growth and development and in responding to stresses. For
instance, in pumpkin, CmoMYB99 and CmoMYB144 are specifically involved in response
to drought stress [16]. In ginger, ZoMYB53 and ZoMYB118 are substantially induced by
various stresses, including salt, Abscisic acid (ABA), cold, and drought [17]. By contrast,
the overexpression of AtMYB75 in transgenic lines significantly increased flavonoid accu-
mulation, antioxidant activity, and tolerance to abiotic stresses, including oxidative and
drought stress [18]. In Arabidopsis thaliana, AAMYB11, AtMYB12, and AtMYB111 regulate
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the expression of key genes that influence flavonol biosynthesis [19-21]. MYB family genes
play a crucial role in hormone signaling during plant development, particularly in regulat-
ing ABA levels and responding to abiotic stresses, such as drought, salinity, and cold. In
addition, these genes affect the growth and development of plant organs and regulate vari-
ous plant life processes [22]. Furthermore, MYB family genes are integral to phenylalanine
metabolism, a key aspect of plant growth and development. Phenylpropanoid metabolism,
one of the most critical metabolic pathways in plants, is vital for antistress and antioxidant
activities, enhancing plant stress tolerance. This pathway also produces diverse secondary
metabolites, including flavonoids and phenolics, which are essential for the plants’ vital
functions [23].

Anthocyanidin, a key product of phenylpropane metabolism, is a primary pigment
contributing to plant color during growth and development. As a secondary metabolite,
anthocyanins are part of the flavonoid metabolism pathway and are water-soluble flavonoid
compounds [24,25]. They enhance the antioxidant capacity of plants, contributing to
their health and stress resilience [26,27]. Research indicates that the biosynthesis of plant
anthocyanins is regulated by numerous genes, with the MYB genes family playing a
particularly prominent role [28,29]. Within this family, the R2ZR3-MYB TFs are crucial for
regulating anthocyanin accumulation [30]. For example, in Arabidopsis, the R2R3-MYB
TFs AtMYB113 and AtMYB114 are specifically responsible for regulating anthocyanin
levels [31]. The R2R3-MYB TF GhMYB1la regulates anthocyanin accumulation in Gerbera
hybrida [32]. In apples, MAMYB10 affect anthocyanin levels [33,34]. In grapes, the skin
color is modulated by the R2R3-MYB TFs VVMYBA1 and VVMYBAZ2 [35]. In kiwifruit,
AcMYBI10 has been shown to play an important role in anthocyanin biosynthesis [36].
However, not all R2R3-MYB TFs promote anthocyanin production; some act as inhibitors.
For instance, PIgMYBR1 serves as a negative regulator of anthocyanin biosynthesis in
Platycodon grandiflorus [37]. Similarly, in peach, PpMYB10 prompts the negative regulator
PpMYB18 to balance the accumulation of anthocyanins and proanthocyanins in peach [38].
Overall, R2R3-MYB TFs play a pivotal role in regulating anthocyanin effects across various
members of the Rosaceae family [39].

The ‘NanGuo’ pear (Pyrus ussuriensis ‘NanGuo’ pear) is a special fruit grown in
Liaoning Province, China [40]. It is one of the four famous pears in China and is a rare
pear resource in the world. The ‘NanHong’ pear is a red bud variety of the ‘NanGuo’ pear.
In this study, we identified 146 R2R3-MYB TFs by analyzing the genome of the ‘NanGuo’
pear. We comprehensively analyzed their homology, conserved structural domains, motifs,
gene structure, physicochemical properties, and cis-acting response elements. In addition,
68 genes and 3 anthocyanin-related structural genes were selected for qRT-PCR, comparing
Pyrus ussuriensis, the ‘NanGuo’ pear, with its red bud variety, the ‘NanHong’ pear [41,42].
Previous studies have demonstrated that anthocyanins substantially affect the coloration
of plant fruits [43,44]. Thus, in this study, we specifically investigated the role of PuMYBs
(“Pu” for Pyrus ussuriensis) in regulating anthocyanin accumulation in red-skinned pears.
We conducted qRT-PCR analyses to identify 12 R2R3-MYB TFs affecting anthocyanin
accumulation. In this study, key PuMYBs affecting anthocyanin accumulation in red pears
were screened to provide a theoretical basis for the future cultivation of red pears and to
improve their economic and food values.

2. Materials and Methods
2.1. Plant Material and Treatment

The experimental materials used for this study were the ‘NanGuo’ pear and its bud
sport variety, the ‘NanHong’ pear, grown in QianShan District, Anshan City, Liaoning
Province. The fruits were harvested at 30 d (20 May 2021), 60 d (20 June 2021), 90 d (20 July
2021), and 120 d (20 August 2021) after full bloom (DAFB). Following harvest, the skin
and pulp of the fruits were collected separately and stored at —80 °C using liquid nitrogen
quick-freezing.
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2.2. Identification of MYB Gene Family Members in ‘NanGuo” Pear

For gene analysis, the hidden Markov model mapping of the MYB DNA structural
domain (PF00249) was queried using the Pfam database (http:/ /pfam.xfam.org/search,
accessed on 1 September 2023). TBtools (v2.119) softwarewas employed to compare similar
sequences with known R2R3-MYB gene sequences. This combined approach was used to
screen candidate genes. Protein sequences of Arabidopsis MYB family genes were obtained
from the Arabidopsis Genome Database (TAIR, https:/ /www.arabidopsis.org/, accessed
on 1 September 2023). To assess the homology between the two species, a phylogenetic tree
was constructed. The comparison utilized Blastp, and a local protein sequence database
was created. After the identification of conserved structural domains, the sequences were
sequentially renamed starting with PuMYB1. Noncompliant sequences were excluded
based on the MYB Typical Structural Domains model, and the remaining genes were
retained for further analysis.

2.3. Phylogenetic Analysis

A phylogenetic tree was constructed using the protein sequences of MYB genes from
the ‘NanGuo’ pear and Arabidopsis thaliana. This tree was generated in MEGA11 by using
the maximum likelihood (ML) method, with a model assumption of the JTT matrix, and
1000 bootstrap repeats to infer evolutionary history. The tree was then enhanced visually
using iTOL (https:/ /itol.embl.de/#/, accessed on 1 September 2023).

2.4. Conserved Structural Domains, Conserved Motif Identification, Gene Structure Analysis, and
Physicochemical Property Analysis

To analyze the structure of the ‘NanGuo’ pear MYB genes, we identified conserved
motifs by using the MEME tool (https://meme-suite.org/meme/tools/meme, accessed
on 1 September 2023) [45], with a maximum of seven motifs allowed. The conserved
structural domains were then analyzed using the NCBI's Conserved Domain Database
(CDD, http:/ /www.ncbinlm.nih.gov/cdd/, accessed on 1 September 2023). The exon—
intron structures of PuMYBs were delineated using the Gene Structure Display Server
(http:/ /gsds.cbi.pku.edu.cn/, accessed on 1 September 2023), and both conserved motifs
and structural domains were visualized using TBtools software. The theoretical isoelectric
point (PI) and molecular weight (MW) of PuMYB proteins were predicted using the ExXPASy
server (http://web.expasy.org/compute_pi/, accessed on 1 September 2023).

2.5. Promoter Cis-Element Analysis and Subcellular Localization Prediction

The promoter sequences of PuMYBs genes (2000 bp upstream of the start codon) were
collected for cis-element prediction by using PlantCARE (http://bioinformatics.psb.ugent.
be/webtools/plantcare/html/, accessed on 1 September 2023). Subsequently, the data
were sorted using Excel and visualized with TBtools. The subcellular localization of the
‘NanGuo’ pear MYB genes was predicted using the subcellular localization prediction locus
(https:/ /services.healthtech.dtu.dk/, accessed on 1 September 2023).

2.6. Analysis of PuMYBs Gene Expression

Total RNA was extracted from the ‘NanGuo’ pear and ‘NanHong’ pear at 90 and
120 d after flowering by using a modified CTAB (Cetyltrimethyl ammonium bromide)
method, and the samples were stored at —80 °C [46,47]. cDNA was synthesized using
the PrimeScript TM RT Reagent Kit with gDNA Eraser (Takara, Japan). The PuActin
detected cDNA was stored at —20 °C [48,49]. The structural genes related to anthocyanin
biosynthesis were selected according to previous research results [50] and downloaded
from pear genome (https:/ /www.rosaceae.org/species/pyrus/all, accessed on 1 September
2023). Primer3 (v. 0.4.0) software was employed to design expression primers (Table S1),
and gene expression levels were analyzed using semi-quantitative PCR and qRT-PCR [51].
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2.7. Determination of Anthocyanin Content in Pear Fruits

The fruit anthocyanin content was measured using a previously reported method [50],
with slight modification. The procedure involved weighing 0.2 g samples of ‘NanGuo’ pear
and ‘NanHong’ pear at four developmental stages: 30, 60, 90, and 120 d after flowering.
Each sample was placed in a 5 mL centrifuge tube and treated with 3 mL of hydrochloric
acid-ethanol extract (95% anhydrous ethanol + 5% of 1.5 M HCI); this process was repeated
three times. After the reaction was completed, the supernatant was collected through
centrifugation. The absorbance at 530, 620, and 650 nm was measured using a spectropho-
tometer. Anthocyanin content was calculated using the following formula: ([A530 — A620]
— 0.1 x [A650 — A620])/4.62 x 104 x V/M x 106, where V denotes the volume of the
extracted liquid and M is the mass of the sample.

2.8. Statistical Analysis

The qRT-PCR data were analyzed using Microsoft Excel (2016), and the results are
expressed as the mean £ SE (£1). Statistical significance between the means was assessed
using a t test, with significance thresholds set at * p < 0.05 and ** p < 0.01. All data were
compiled using Origin2016.

3. Results
3.1. Phylogenetic Analysis of the MYB Family of ‘NanGuo’ Pear

To investigate the evolutionary relationships of MYB family genes in the ‘NanGuo’
pear, a phylogenetic tree was constructed using 146 identified R2R3-MYB genes from the
‘NanGuo’ pear and MYB genes from Arabidopsis (Figure 1). MEGA11 was used to draw the
phylogenetic tree with the ML method. The resulting phylogenetic tree revealed that these
genes were distributed across seven subfamilies. Subfamily S1 contains the most genes (74),
including 39 PuMYBs. Subfamily 52 has 53 genes (including 37 PuMYBs), subfamily S5 has
51 genes (including 25 PuMYBs), subfamily 54 has 38 genes (including 20 PuMYBs), and
subfamily S6 has 24 genes (including 13 PuMYBs). Subfamily S3 has 19 genes (including
9 PuMYBs) and subfamily S7 has 10 genes (including 3 PuMYBs).

Figure 1. MEGA11 was applied to the MYB protein sequences of Arabidopsis and ‘NanGuo’ pear
using maximum likelihood method (ML). The phylogenetic evolutionary tree was constructed and
divided into 7 subfamilies.
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3.2. Conserved Domain, Motif Analysis, and Gene Structure of MYB TFs from ‘NanGuo’ Pear

To identify conserved domains within the ‘NanGuo’ pear, the protein sequences of
146 PuMYBs genes were analyzed using the NCBI CDD and visualized with TBtools. The
results of the study showed that all sequences contained two MYB DNA-binding structural
domains (Figure 2B). The domains were distributed not only in the N-terminal region but
also in the middle and C-terminal regions of the protein. Further analysis of the conserved
motifs of PuMYBs in the ‘NanGuo’ pear was conducted using MEME software (5.5.7), and
the results were also visualized using TBtools (Figure 2C), set to seven motifs (Figure 2D).
The functionality of the genes was inferred by comparing conserved domains with these
conserved motifs. In addition, the gene structure of selected PuMYBs was analyzed. The
findings revealed that the PuMYBs typically contained fewer than five introns (Figure 3).
These results indicated that although the genetic structure of PuMYBs is highly conserved,
there is a high degree of sequence diversity among different subfamilies.
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Figure 2. Phylogenetic tree (A), conserved domain (B), conserved motif (C), and seven amino acid
sequence markers (D) of R2R3-MYB gene of ‘NanGuo’ pear.
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Figure 3. Gene structure of the ‘NanGuo’ pear R2R3-MYB gene, where black lines are introns and

yellow blocks are exons.
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3.3. Prediction of Physicochemical Properties and Subcellular Localization of MYB TFs from
‘NanGuo’ Pear

The physicochemical properties of PuMYBs in the ‘NanGuo’ pear, namely, amino
acid count, PI, MW, and hydrophilicity, were predicted using ExPASy server and are
summarized in Table S2. The number of amino acid sequences (AA) of these proteins was
generally less than 700, with most ranging between 200 and 400. The MW of these proteins
was typically within 60,000 Daltons; however, PuMYB83, PuMYB89, and PuMYB144 were
exceptions, with most others falling between 30,000 and 40,000 Daltons. The PI for most
proteins was below 10, although a few genes exhibited higher PI values. Most of the
PuMYBs had an instability index greater than 40, suggesting their potential instability.
All PuMYBs exhibited hydrophilicity. The aliphatic index (AI), which indicates protein
thermostability, ranged from 50 to 90; for instance, PuMYB3 had the highest Al at 87.7,
PuMYB156 was the lowest at 48.82. Subcellular localization predictions indicated that all
145 R2R3-MYB TFs were located in the nucleus except PuMYB95, which was located in the
cytoplasm (Table S3).

3.4. Analysis of Promoter Cis-Acting Elements of MYB TFs from ‘NanGuo’ Pear

Cis-acting elements are DNA sequences within gene promoters that affect gene expres-
sion. Analysis of the promoter regions in the PuMYB family (2000 bp upstream of the ATG
start codon) revealed 36 cis-acting elements that mediate various responses (Figure 4A).
These elements were categorized into four groups: hormone induction, development in-
duction, light induction, and stress induction. Specifically, there were 11 light response
elements, 10 development elements, 9 hormone induction elements, and 6 stress induction
elements (Figure 4B). Among the development elements, one regulatory element was
involved in flavonoid synthesis (MYB binding site involved in flavonoid biosynthetic genes
regulation), which is closely linked to anthocyanin production. This finding suggests
that PuMYBs containing this element in their promoters play a crucial role in regulating
anthocyanin synthesis. In addition, nine hormone response elements, including those for
ABA (1), auxins (IAA) (3), gibberellins (GA) (3), methyl jasmonate (Me]a) (1), and salicylic
acid (SA) (1), were identified (Figure 4B). These findings indicated that PuMYBs are crucial
in hormone-mediated processes, affecting plant growth and development.

cis-acting regulatory element involved in light responsiveness
part of a conserved DNA module involved in light responsiveness

part of a light responsive element

MYB binding site involved in light responsiveness

" part of a module for light response

[ cis-acting element involved in light responsiveness

light responsive element

part of gapA in (gapA-CMA1) involved with light responsiveness

part of a light response element

cis-acting element involved in phytochrome down-regulation expression
part of a light responsive module

cis-acting regulatory element related to meristem expression
element involved in differentiation of the palisade mesophyll cells
cis-acting element involved in cell cycle regulation
T cis-acting regulatory element involved in zein metabolism regulation
[ cis-actina reaulatory element involved in circadian control
MYB binding site involved in flavonoid biosynthetic genes regulation
[T cis-regulatory element involved in endosperm expression
I cis-acting regulatory element involved in seed-specific regulation
cis-acting regulatory element root specific
involved in endosperm-specific negative expression

cis-acting element involved in the abscisic acid responsiveness
[ cis-acting regulatory element involved in auxin responsiveness
I gibberellin-responsive element

cis-acting regulatory element involved in the MeJA-responsiveness
part of an auxin-responsive element

I auxin-responsive element

[ cis-acting element involved in salicylic acid responsiveness

[ cis-acting element involved in gibberellin-responsiveness

gibberellin-responsive element and part of a light responsive element

cis-acting regulatory element essential for the anaerobic induction
T MYB binding site involved in drought-inducibility
[ cis-acting element involved in defense and stress responsiveness
cis-acting element involved in low-temperature responsiveness
W wound-responsive element
enhancer-like element involved in anoxic specific inducibility

Stress

Figure 4. Inspection of cis-acting elements in ‘Nanguo’ pear MYB genes. (A) Cis-elements with
similar functions are displayed in the same color. The black line indicates the promoter length of the
PuMYB genes; (B) The different colored boxes represent cis-acting elements with different functions.
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3.5. Analysis of Expression of PuMYBs in ‘NanGuo’ Pear and ‘NanHong" Pear

The ‘NanGuo’ pear does not change color during development, unlike the ‘NanHong’
pear, which is a bud mutant of ‘NanGuo’ and shows noticeable color changes. Analysis
of anthocyanin content in both varieties during the development stage revealed signif-
icant increases at 90 and 120 DAFB, suggesting that these are the color shifting stages
(Figure 5). We analyzed the structural genes associated with anthocyanin biosynthesis
and compared their expression patterns in NG and NH pears during fruit development.
As shown in Figure 6, PuUANS were significantly expressed in NH between 90 and 120
DAFB, which was consistent with the anthocyanin accumulation pattern (Figure 6). To
identify genes affecting coloration, we compared the expression of PuMYBs between these
two periods. We referenced the phylogenetic tree to analyze homologous relationships
and reviewed studies on MYB genes in Arabidopsis that affect anthocyanin accumulation,
including AtMYB113, AtMYB114, and AtMYB4. This led to the selection of 105 R2R3-MYB
TFs for semi-quantitative PCR (Figure S1). Semi-quantitative PCR revealed 56 genes whose
expression levels differed significantly. The R2R3-MYB TFs demonstrating significant
differences in their expression levels, which were analyzed through qRT-PCR (Figure S2).
Subsequently, the selected genes were analyzed through qRT-PCR to screen genes regulat-
ing anthocyanin accumulation in the ‘NanGuo’ pear. A total of 12 genes showed significant
differential expression between the ‘NanGuo’ pear and the ‘NanHong’ pear. Among them,
the expression levels of PuMYB1, PuMYB11, PuMYB13, PuMYB26, PuMYB31, PuMYB4S,
PuMYB51, and PuMYB66 increased with anthocyanin accumulation (Figure 7), indicating
their positive regulatory effect on anthocyanin accumulation. However, the expression
levels of PuMYB89, PuMYB113, PuMYB136, and PuMYB140 decreased with an increase
in anthocyanin accumulation, which indicated that these genes may exert negative regu-
latory effects on anthocyanin accumulation (Figure 8). In addition, the expression levels
of numerous genes significantly differed between the ‘NanGuo’ and ‘NanHong’ pears,
including PuMYB41, PuMYB78, and PuMYB85, which correlated negatively with antho-
cyanin accumulation. However, the changes in their expression were not significant at 90
and 120 d in ‘NanHong’, leading to their exclusion from further analysis. Similarly, some
genes such as PuMYB78 showed significantly higher expressions in ‘NanHong’, exceeding
the expression levels in ‘NanGuo” at 120 days; however, they did not meet the criteria for
further investigation.
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Figure 5. Anthocyanin contents of ‘NanGuo’ pear and ‘NanHong’ pear fruits. ‘NG” is 'NanGuo’ pear.
‘NH’ is ‘NanHong’ pear. By ¢ test, n.s. stands for no significant difference, ** p < 0.01.
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PuF3'H relative expression

PuANS relative expression
PuF3H relative expression
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Figure 6. qRT-PCR was used to verify the expression levels of genes related to anthocyanin synthesis
in ‘NanGuo’ pear and ‘Nanhong’ pear at 90 and 120 DAFB, respectively. By ¢ test, n.s. stands for no
significant difference, ** p < 0.01.
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Figure 7. qRT-PCR was used to verify the expression levels of MYB genes at 90 and 120 DAFB of
‘NanGuo’ pear and ‘NanHong’ pear, respectively (consistent with anthocyanin accumulation trend).
By t test, n.s. stands for no significant difference, * p < 0.05, ** p < 0.01.
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Figure 8. qRT-PCR was used to verify the expression levels of MYB genes at 90 and 120 DAFB of
‘NanGuo’ pear and ‘NanHong’ pear, respectively (contrary to the trend of anthocyanin accumulation).
By t test, n.s. stands for no significant difference, * p < 0.05, ** p < 0.01.

4. Discussion

The MYB TF family is ubiquitous in plants and represents one of the largest TF families
in higher plants [52,53]. It plays a crucial role in various biological processes, including
plant growth and development, hormone signaling, secondary metabolism, and resistance
to both biotic and abiotic stresses [54,55].

Phylogenetic analysis is a reliable method for inferring genes function because genes
clustered on the same branch typically exhibit similar functions. In this study, we con-
structed phylogenetic trees featuring genes from Arabidopsis thaliana and 146 ‘NanGuo’ pear
genes, categorizing them into seven subfamilies to examine their functional relationships.
For instance, genes such as AtMYB61, which are associated with plant growth and devel-
opment, were identified as belonging to subfamily S6. By contrast, genes linked to plant
resistance mechanisms, such as AtMYB60 and AtMYB96, constituted subfamily S1. The TFs
AtMYB113 and AtMYB114, which regulate anthocyanin accumulation in Arabidopsis, are
members of subfamily S2 [31]. AtMYB4, which inhibits the accumulation of flavonoids and
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other compounds, also belongs to subfamily S2 [56]. Based on these findings, we hypothe-
sized that PUMYBs in subfamilies S2 are pivotal for regulating anthocyanin accumulation
in pear fruits. Thus, 105 PuMYBs were selected for further analysis. Among these, twelve
were identified as regulators of anthocyanin accumulation: six from subfamily S2, three
from subfamily S1, one from subfamily 54 (PuMYB48), from subfamily S5 (PuMYB113),
and one from subfamily S7 (PuMYB89). The role of MYB TFs in anthocyanin accumulation
extends beyond pears. In Gerbera, GhMYB1la regulates both anthocyanin and flavonol
levels, affecting flower color [32]. Similarly, in apple, MAMYB10 regulates fruit coloration
by affecting anthocyanin accumulation [33,34]. By contrast, PIgMYBR1 in Eustoma flowers
exerts a negative regulatory effect on anthocyanin accumulation [37]. In addition, DbMYB2
positively regulates the expression of genes related to anthocyanin biosynthesis in Dendro-
bium, thereby affecting anthocyanin synthesis [57]. This finding indicates the importance
of MYB TFs in modulating anthocyanin accumulation. Through comparative phylogenetic
analyses with Arabidopsis thaliana, multiple TFs were found on the same branch, suggesting
that they share similar functions. In Arabidopsis, AtMYB60 and AtMYB61 are associated
with root development and stomatal opening and closing [58,59]. Phylogenetic analysis
suggests that their homologs in pear, namely PuMYB114, PuMYB71, and PuMYB38, have
the same functions. Furthermore, AtMYB52 and AtMYB96 are involved in drought stress
responses through ABA-mediated pathways; thus, their homologs in pear, PuMYB37 and
PuMYB56, may affect plant drought stress responses, as determined through phylogenetic
tree analysis [60,61]. In this study, 146 R2R3-MYB TFs were identified by analyzing the
sequence of the PuMYB genes family. Of these, 12 R2R3-MYB TFs involved in anthocyanin
regulation were analyzed through qRT-PCR and three structural genes were related to
anthocyanin. We also analyzed the remaining 56 PuMYB genes with significant differences
in their expression levels through qRT-PCR. Although their effects on anthocyanin accumu-
lation were inconsistent, the analysis of their expression changes provides insights into their
effects on other quality characteristics of the fruit, laying the foundation for subsequent
experiments.

Cis-regulatory elements serve as crucial molecular switches in genes [16], playing
a pivotal role in gene transcription regulation in response to external stimuli [1]. The
analysis of cis-elements on the promoter of PuMYBs revealed the involvement of some
TFs in stress responses. Specifically, nine hormone-related response elements, including
those for ABA, IAA, GA, MeJa, and SA, were identified. For instance, the promoters of
PuMYB117, PuMYB135, and PuMYB139 contain multiple hormone response elements,
suggesting their potential role in hormone regulation during fruit growth and develop-
ment [60-62]. Additionally, we identified six stress response elements related to anaerobic
induction, general stress response, drought induction, low temperature response, wound
response, and hypoxic induction. Moreover, we identified 11 light response elements and
10 growth and development elements involved in palisade mesophyll cell differentiation,
circadian rhythm control, flavonoid biosynthesis, seed-specific regulation, and endosperm
expression. For example, the promoters of PuMYB61, PuMYB63, and PuMYB65 featured
multiple growth and development response elements, indicating their possible impact
on plant growth and development [63,64]. These elements, present on the promoters of
PuMY Bs, interact synergistically in response to plant stress and various hormonal signals,
highlighting the functional diversity of PuMYBs [5]. This diversity also supports the in-
volvement of some TFs in response to low temperatures, drought, and other stressors [17],
providing valuable directions for future research.

5. Conclusions

In this study, we identified 146 R2R3-MYB TFs by examining MYB structural domains
and conducting similar sequence comparisons, confirming that all these genes are highly
conserved. We further analyzed their expression by using qRT-PCR, which revealed that
the expression patterns of PuMYB1, PuMYB11, PuMYB13, PuMYB26, PuMYB31, PuMYB4S,
PuMYB51, and PuMYB66 were consistent with the accumulation trends of anthocyanidins.
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Conversely, the expression of PuMYB89, PuMYB113, PuMYB136, and PuMYB140 showed
an inverse relation with the accumulation of anthocyanidins. These findings not only aid
the ongoing production and research of red pears in China but also offer new insights and
foundational knowledge for understanding the functional roles of red pears in various
other aspects.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390 /horticulturae10090989/s1, Figure S1. Changes in expression of
105 PuMYBs genes analyzed by evolutionary tree homology at 90 and 120d of fruit bloom in NG and
NH; Figure S2. The expression levels of MYB gene in ‘NanGuo’ pear were verified by qRT-PCR at
90 and 120 days of NG and NH, respectively; Table S1: PuMYBs gene specific primers for gRT-PCR
method. Table S2: Protein physicochemical properties of 146 PuMYBs genes. Table S3: Subcellular
localization prediction of PuMYBs gene. Table S4: the accession number of PuMYBs genes.
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